In the current study, we hypothesised that some characteristics of the diseased hip influence spinal alignment. To gain a better understanding of how hip diseases impact the spine and progression of spinal diseases, we evaluated the relationship between several clinical and radiographic parameters of the hip joints and spinal alignment in patients with coxalgia.
Materials and methods
Ethical approval from our Institutional Review Board (IRB) was obtained for this study, and it has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Patient population
A total of 100 patients with coxalgia who visited our institution from June 2012 to February 2014 and were administered frontal and lateral x-rays of the entire spine and hip joints (24 men, 76 women) were included in the present study. X-rays of the entire spine and hip joints were taken separately with the patient in a standing position, with a film-focus distance of 110 cm. For the lateral x-rays of the entire spine, patients were evaluated by the clavicle position as previously reported. 3 The mean patient age at the time of x-ray examination was 60 years (range 16-88 years). The patient diagnoses included hip osteooarthrits (OA; n = 68), idiopathic osteonecrosis of the femoral head (n = 10), femoroacetabular impingement (n = 18), and unknown (n = 4). All patients provided written informed consent to participate in this study.
Clinical evaluation of hip joints
Hip joints were clinically evaluated using the scoring system proposed by the Japanese Orthopaedic Association (JOA). The JOA hip score has been widely used in Japan for evaluating hip diseases and consists of 4 categories: pain (0-40 points), range of motion (ROM 0-20 points), gait ability (0-20 points), and ability to perform activities of daily living (0-20 points). The ROM score was evaluated by hip flexion angle and abduction angle. Higher scores indicated better conditions. 4, 5 In the present study, the lowest pain and ROM scores between the left and right hips of an individual were used to correlate the radiographic measures of spinal alignment and the clinical evaluations of the hip.
Radiographical evaluation of hip joints
The presence and severity of hip OA, leg length discrepancy and centre-edge (CE) angle were evaluated from ventral x-ray images of the hip joints in a standing position. The stage of hip OA was determined according to the Kellgren/Lawrence scale as previously reported. 6 Leg length discrepancy (LLD) was evaluated using a previously reported method. The LLD on radiographs was defined as the difference in the perpendicular distance in millimeters between a line passing through the lower edge of the teardrop points to the corresponding tip of the lesser trochanter. 7 CE angle was measured using a previously reported classical method. 8 
Radiographical evaluation of spinal alignment (Figure 1)
For the radiographical evaluation of coronal spinal alignment, we measured the Cobb angle and C7 minus the central sacral vertical line (C7 -CSVL) using x-ray images of the frontal view of the entire spine in the standing position. For the determination of the Cobb angle, the largest angle was evaluated in patients with multiple coronal curvatures. To determine C7 -CSVL, the distance between the C7 plumb line and CSVL was measured, as previously reported. 9 For radiographical evaluation of sagittal spinal alignment, x-ray images of the lateral view of the entire spine, including the hip joints, in the standing position were captured and reviewed. To measure the sagittal vertical axis (SVA), the horizontal distance between the posterior-superior corner of the sacrum and a vertical line from the centre of C7 was measured, as previously reported. 10 To assess pelvic tilt (PT), the angle between the line joining the midpoint of the bilateral centre of the femoral head to the centre of the S1 endplate and a vertical reference line was measured. Pelvic incidence (PI) was also determined by measuring the angle between the line joining the midpoint of the bilateral centre of the femoral head to the centre of the S1 endplate and a line orthogonal to the S1 endplate, as previously reported. 11 Further, to measure lumbar lordosis (LL); LL is defined as the angle between the upper endplate of the L1 and the upper endplate of the S1. And then, we calculated PI minus LL for evaluation of spinal sagittal alignment.
Statistical analysis
To evaluate the relationship between the clinically evaluated parameters of hip joints and spinal alignment, comparisons of the correlations between the pain and ROM score components of the JOA hip score, leg length discrepancy or CE angle and the spinal alignment parameters Cobb angle, C7 -CSVL, SVA, PT, and PI were performed using Pearson's correlation coefficients. The correlations between OA stage of the hip and spinal alignment parameters were performed using Spearman rank correlation coefficients. The normality of continuous variables was assessed using the Kolmogorov-Smirnov test. A p value <0.05 was considered statistically significant.
Results
In the present study population of 100 patients with coxalgia, a significant negative correlation was detected between Cobb angle, which is a measure of coronal spinal alignment, and pain score of the hip (r = −0.22) (Figure 2A ). In addition, SVA, which is a measure of sagittal spinal alignment, was significantly negatively correlated with ROM score of the hip (r = −0.37; Figure 2B ) ( Table 1) .
Significant positive correlations between Cobb angle, C7-CSVL, an index of spinal coronal balance, and LLD were detected (r = 0.21, 0.35; Figure 3A and 3B) ( Table 1) . Moreover, SVA, which is a measure of sagittal balance, and the OA stage of the hip were positively correlated (r = 0.52; Figure 4A ). Also, LL, a measure of sagittal spinal alignment, was significantly negatively correlated with the OA stage of the hip (r = −0.27; Figure 4B ) (Table 1) . Notably, however, no significant correlations between any of the examined hip parameters and PT or PI minus LL were detected in the present patient population. There were no significant correlations between CE angle and any of the examined parameters of spinal alignment (Table 1) .
Discussion
In the present study, high leg-length discrepancy and hip pain were correlated with spinal coronal misalignment, as determined from measurements of the Cobb angle and C7 -CSVL. In addition, advanced OA and impaired ROM of the hip were correlated with spinal sagittal misalignment, as indicated by SVA. In contrast, none of the examined hip parameters were found to be correlated with PT or PI, lumbar/pelvic alignment. Taken together, these findings suggest that OA progression, pain and ROM of the hip joint, in addition to leg length discrepancy, should be assessed when evaluating spinal alignment. In the present study population of patients with coxalgia, a significant negative correlation was detected between the Cobb angle, which is used to evaluate coronal spinal alignment, and pain score of the hip (r = −0.22). This is the 1st report to detect a relationship between hip pain and spinal coronal alignment. Wesseling et al. 12 reported that frontal plane kinetics have the largest effect on hip contact forces, a finding that suggests patients with severe hip pain need to reduce hip contact forces, resulting in spinal coronal misalignment. Consistent with our finding that leg length discrepancy was positively correlated with spinal coronal alignment, Abe et al. 13 reported that 79% of patients with preoperative scoliosis before leg-lengthening total hip arthroplasty (THA) showed improvement of lumbar scoliosis. Here, significant positive correlations were also found between Cobb angle, C7 -CSVL, which was used as an index of spinal coronal balance, and leg length discrepancy (r = 0.20, 0.35), further suggesting that a large leg length discrepancy may lead to spinal coronal misalignment.
In the present examination of the relationship between hip disease and sagittal spinal alignment, SVA was positively correlated with the OA stage of the hip (r = 0.52) but was negatively correlated with the hip ROM score (r = −0.37). It remains controversial whether hip OA leads to changes in spinal sagittal alignment. For example, Weng et al. 14 reported that patients with hip OA had a significantly greater incidence of severely unbalanced sagittal spinal alignment, but not pelvic alignment, compared with a control group. In addition, the use of THA treatment in patients with severe hip OA improved sagittal spinal alignment and reduced comorbid low back pain. 15 Although these findings are consistent with the present results, Radcliff et al. 16 reported that unilateral THA did not significantly change spinal alignment in hip OA patients. As a possible explanation for these discrepancies, spino-pelvic compensation after surgery may have helped maintain appropriate sagittal spinal alignment in patients with hip OA. Therefore, the present findings indicate that advanced stage OA and decreasing ROM of the hip may contribute to total spinal sagittal misalignment.
There were some limitations to this study. 1st weak correlations were observed in this study, in part because of the small sample size. Increasing the sample size might result in stronger correlations. Another reason for the weak correlations is that this study included a wide age range and several different hip disorders. Additional studies should control for confounding factors of age, the duration of hip disease, treatment and clinical findings of spine lesions. 3rd, we did not evaluate clinical findings of the spine, including low back pain score, and therefore whether hip diseases influence to clinical findings of the spine was still unclear. Finally, because we did not evaluate spinal alignment after hip surgery, we cannot elucidate the impact of hip surgery on spinal alignment. In the future, prospective studies that include clinical findings of the spine and spinal alignment after hip surgery are needed to determine examine this possible relationship.
In conclusion, increasing the leg-length discrepancy and hip pain might tend to influence spinal coronal malalignment. In addition, progressing the stage of OA and decreasing the ROM of the hip might tend to influence spinal sagittal malalignment. When we evaluate spinal alignment, we should pay attention to OA, the leg-length discrepancy, pain and ROM of the hip joint.
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